The expression pattern of the receptor tyrosine kinase gene EphB3 was examined during the early stages of chick embryogenesis, and is described in this report. In the gastrula, EphB3 is expressed in epiblast cells adjacent to and entering the anterior portion of the primitive streak; expression is extinguished once cells have ingressed. At headfold stages, EphB3 is strongly transcribed in the¯oor of the foregut and in anterior lateral endoderm, and is expressed in the subjacent cardiogenic mesoderm. EphB3 is transiently expressed in the lateral ectoderm, neural tube, and neural crest during these stages. Later neural expression is localized to the mesencephalon. In the somitic mesoderm, EphB3 is initially expressed in the sclerotome, but later is expressed predominantly in the dermatome. Prominent expression is also detected in the developing heart, liver, posterior ventral limb bud mesenchyme, pharyngeal arches, and head mesenchyme. q
Results
Eph receptor tyrosine kinases (RTKs) and their ligands, the ephrins, mediate a variety of cell-cell interactions that are responsible for patterning the embryo. Ephrins and their receptors control the migration of neurons and neural crest cells, apparently owing to repulsive interactions between cells that express the ligands and cells that express cognate receptors (for reviews, see Flanagan and Vanderhaeghen, 1998; Holder and Klein, 1999; Gale and Yancopoulos, 1999) . Ephs and ephrins also regulate embryonic vascularization (Wang et al., 1998; Adams et al., 1999) and patterning of somites (Durbin et al., 1998) , and are likely to play an important role in other aspects of embryonic patterning and morphogenesis.
While much work on ephrins and Eph receptors has focused on their roles in cell migration and segmental patterning during the later stages of embryo development, there is less information on the role of these molecules during gastrulation and the early differentiation of the germ layers (Oates et al., 1999) . To investigate Eph receptor expression during earlier stages of chick embryogenesis, a gastrula stage endoderm-mesoderm cDNA library was screened for Eph receptor-related sequences. One clone showing 100% identity with a sequence previously identi®ed as chicken EphB3 (Sajjadi and Pasquale, 1993) demonstrated novel early expression patterns.
EphB3 expression was ®rst detected by whole-mount in situ hybridization in the primitive streaks of early gastrula chick embryos. During HH stages 2±3, EphB3 was strongly expressed in the involuting cells of the primitive streak, and in adjacent cells of the epiblast layer (Fig. 1A) . By stage 4, EphB3 expression was restricted to the anterior half of the streak (Fig. 1B) . EphB3 expression was rapidly downregulated following involution, since mesoderm and endoderm cells migrating away from the streak showed no hybridization signal (Fig. 1E) . By stage 5, EphB3 expression around the streak was restricted to Hensen's node and the chordamesoderm (Fig. 1C,F) .
EphB3 expression around the node became somewhat asymmetric as the node regressed, in that more cells expressed EphB3 on the right side than on the left (Fig.  1C,D,I ). Moderate EphB3 expression levels were also observed throughout epiblast¯anking the neural plate and primitive groove (Fig. 1G) . Expression in the chordamesoderm was limited to regions just anterior to the node (Fig.  1D,I ). EphB3 expression was observed in the in the ventral oor of the gut primordium ( Fig. 1H±J ),and persisted in the developing gut at least through stage 20 (Fig. 2G±I ). Expression was also prominent in the liver diverticulum ( Fig. 2C ,E,J). EphB3 exhibited dynamic expression patterns within the mesoderm and its derivatives. Beginning at stage 7, the cardiogenic (anterior lateral) mesoderm expressed EphB3, though at lower levels than in the adjacent endoderm (Fig.  1K ). EphB3 was initially expressed throughout the forming heart tube (not shown), became restricted to the myocardium of the ventricle between stages 12 and 14 (Fig.  2G,H) , and was undetectable in the heart by stage 18 (Fig.  2C,J) . EphB3 expression was also detected in derivatives of the somitic mesoderm between stages 12 and 20, as was previously reported (Krull et al., 1997) . At stage 12, expression was restricted to the sclerotome (Fig. 2F ) and later became most prominent in the dermatome (stages 14±20; Fig. 2D,I ). Moderate expression in the lateral somatic mesoderm of the trunk was observed between stages 10 and 18, and peaked around stage 14 (Fig. 2B,I ).
During stages 6±8, EphB3 expression in the developing neural tube showed a graded expression pattern along the anterior-posterior axis. Generally speaking, few cells expressed EphB3 in the neural plate of the trunk (Fig. 1L) , but greater numbers did so within the neural folds (Fig. 1K) . Prominent among these were neural crest cells (arrows, Fig.  1J,K) , as was previously reported by Krull and others (1997) . Transient expression was also observed in scattered cells throughout the neuroepithelium. While the mesencephalon region of the developing brain exhibited prominent and persistent EphB3 expression at the stages analyzed ( In the head (J), EphB3 is localized to the neural crest (arrows) and¯oorplate of the neural tube, and is expressed strongly in the foregut and moderately in the head mesenchyme. Around the anterior intestinal portal, EphB3 is expressed weakly throughout the neural tube, more strongly in the neural crest (arrows in K), and has been downregulated in the lateral ectoderm. More posteriorly (L), EphB3 is expressed weakly the neural plate and more strongly in the chordamesoderm and lateral ectoderm. Abbreviations: ch, chordamesoderm; cm, cardiogenic mesoderm; en, endoderm; epi, epiblast; fg, foregut; le, lateral ectoderm; mes, mesoderm; n, node; ne, neurogenic ectoderm; np, neural plate; nt, neural tube; pg, primitive groove; ps, primitive streak. 2A±C,G), in murine embryos prominent EphB3 expression was reported in the hindbrain (rhombomeres 3 and 5) at similar stages (Becker et al., 1994) .
Moderate levels of EphB3 expression were detected in head mesenchyme from stage 8 onwards (Figs. 1J and  2C,E) . Between stages 14 and 20, prominent mesenchymal expression patterns were observed in the pharyngeal arches, with particularly strong expression in the posterior arches (Fig. 2B,C,E,H) . Signi®cant expression was also observed in the posterior ventral mesenchyme of the limb buds (Fig.  2E,K) .
Experimental methods

Isolation and characterization of a chicken EphB3 cDNA
A 1.9 kb EphB3 cDNA was isolated from a chick stage 4±7 endoderm-mesoderm Uni-ZAP XR phagemid cDNA library (Stratagene) using a 491 nt probe corresponding to nucleotides 1478±1968 of the chicken EphA4 sequence (Sajjadi and Pasquale, 1993 ; GenBank accession #Z19059). One of the clones identi®ed contained a 1909 nt cDNA that was identical to nucleotides 1674±3582 of EphB3 (Sajjadi and Pasquale, 1993; GenBank accession #Z19061) . This cDNA contains the 3 H UTR (615 nt) and 1294 nt of the coding region (corresponding to most of the cytoplasmic domain of the protein).
Whole-mount in situ hybridization and histology
Embryos were collected as described in Yatskievych et al. (1997) and staged according to Hamburger and Hamilton (1951) . Following ®xation in 4% paraformaldehyde in PBS for 2±24 h at 48C, embryos were processed as described according to Nieto et al. (1996) , except that proteinase K treatment was omitted for early gastrula stage embryos. Digoxigenin-labeled sense and antisense EphB3probes were generated according to manufacturer's instructions Abbreviations: a, atrium; d, dermatome; dm, dermamyotome;¯, forelimb; h, heart; hl, hindlimb; lv, liver diverticulum; m, mesencephalon; mg, midgut; ov, optic vesicle; p, proencephalon; sc, sclerotome; sm, somatic mesoderm; sv, sinus venosus; v, ventricle.
(Boehringer Mannheim; Indianapolis, IN) from the 1.9 kb cDNA described above, and was hybridized to embryos at high stringency. For histology, stained embryos were post®xed, dehydrated through an ethanol series, embedded in paraf®n as described in Nieto et al. (1996) , and serially sectioned.
